Anaemia in end-stage renal disease: pathophysiological considerations.
Anaemia is a frequent complication of many diseases but the mechanisms that link reduced blood oxygen content to the long-term consequences of anaemia are incompletely understood. The maintenance of oxygen supply to the tissues during anaemia involves complex cardiovascular adaptations, including an increase in cardiac output, reduced peripheral resistance and increased oxygen extraction from haemoglobin (Hb). In addition, hypoxia-inducible factors are associated with the transcriptional activation of genes involved in adaptive mechanisms that increase oxygen delivery and provide alternative metabolic pathways. The complex pathophysiology of chronic kidney disease alters the adaptations to anaemia in uraemic patients. The increased cardiac output induced by anaemia is associated with left ventricular hypertrophy and cardiac disease in renal patients. Alterations in endothelial cell function, common in renal disease, may diminish endothelium-induced vasodilatation, increase the risk of atherosclerosis and impair angiogenesis. Many potential reasons for erythropoietin-induced hypertension in uraemic patients have been postulated, including increased blood viscosity as haematocrit rises, a reversal of hypoxic vasodilatation, increased blood volume that is not compensated by haemodialysis, ultrafiltration and impaired nitric oxide synthesis, preventing vascular relaxation in response to increased blood viscosity. In view of this impaired vascular reactivity, rapid increases in haematocrit should be avoided during epoetin treatment. As the interaction between anaemia and uraemia is very complex, it is not possible to derive the optimal Hb concentration for individual patients by using simple physiological or pathophysiological models and there is a need for good randomized controlled clinical trials to address this issue.